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P-selectin plays an important role in the development 
of various diseases, including atherosclerosis and 
thrombosis. In our laboratory we recently identified a 
number of specific human P-selectm-bmding peptides 
containing a Glu-Trp-Val-Asp-Val consensus motif, dis- 
playing a low micromolar affinity for P-selectin (IC 50 = 2 
mm). In search of more potent antagonists for P-selectin, 
we have optimized the EWVDV pentapeptide core motif 
via a two-step combinatorial chemistry approach. A ded- 
icated library of peptide derivatives was generated by 
introducing seven substituents at the N and C termini of 
the motif. In particular, pentapeptides with gallic acid 
or 1 ,3 ,5-benzene tricarboxylic acid substituents at the N 
terminus proved to be considerably more potent inhib- 
itors of P-selectin binding than the parental peptide. 
After removal of the N-ternunal glutamic acid from the 
core sequence, which appeared to be replaceable by a 
carboxamide function without loss of affinity, a second 
library was synthesized to map the chemical moieties 
within the gallic acid or 1^,5-benzenetricarboxyl acid 
groups responsible for the enhanced P-selectin binding. 
Moreover, by varying the length and rigidity of the con- 
nective spacer, we have further optimized the spatial 
orientation of the N- terminal substituent. The combined 
use of phage display and subsequent combinatorial 
chemistry led to the design of a number of gallic acid- 
containing peptides with low nanomolar affinity for 
P-selectin both under static and dynamic conditions 
(IC G0 = 15.4 nM). These small synthetic antagonists, 
which are equally as potent as the natural ligand P- 
/ selectin glycoprotein ligand- 1, are promising leads in 
anti-atherothrombotic therapy. 



P-selectin, a cell adhesion molecule involved in the initial 
attachment and "rolling" of leukocytes across the inflamed 
vessel wall (1-4), plays a key role in atherosclerosis. In fact, 
P-selectin deficiency in mice has been shown to reduce athero- 
sclerotic lesion formation (5). Also, P-selectin activation in- 
duces hypercoagulance of platelets and mediates platelet- 
monocyte aggregation and has thus been associated with 
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thrombosis (6-9). Therefore, intervention in P-selectin-medi- 
ated processes is an attractive therapeutic entry. 

The endogenous ligand for P-selectin is P-selectin glycopro- 
tein ligand 1 (PSGL-1), 1 a 220-kDa disulfi de-linked ho- 
modimeric sialomucin (10). P-selectin binding to PSGL-1 pro- 
ceeds via a short N-ternunal amino acid sequence of the latter, 
containing three sulfated tyrosines and a sialyl Lewis X (sLeX, 
Neu5Aca2-3Gal/31-4fFucal-3)GlcNAc) moiety (11-14). Most 
P-selectin antagonists are carbohydrate derivatives of the sLeX 
structure (15). However, as compared with PSGL-1, these gly- 
cosides are relatively poor and unselective P-selectin inhibi- 
tors, because binding to the other selectin family members (E- 
and L-selectin) is equally affected. 

In our lab we recently identified, through the use of phage 
display, a number of human P-selectm-bmding peptides con- 
taining an EWVDV pentapeptide consensus motif (16). Binding 
of these peptides to human P-selectin was calcium-dependent 
and highly specific over E- and L-selectin. With its IC 60 of 8 jam, 
the stripped pentapeptide already appeared to be much more 
potent than most of the sLeX-derived carbohydrate ligands. For 
therapeutic purposes, however, the affinity of an antagonist 
has to be in the low nanomolar range. We obtained this affinity 
by tetrameric exposure of the EWVDV peptide on strep tavidin 
GG&o = 2 nM). However, streptavidin-peptide complexes are 
rather inadequate for in vivo use, and smaller synthetic leads 
are pharmaceutically much more interesting. For this reason 
an optimization of the core sequence was performed. 

In this paper, we describe the rational design of potent mo- 
nomelic P-selectin antagonists using a combinatorial chemis- 
try strategy with the consensus motif (E)WVDV as core se- 
quence. A structure-activity study yielded a number of peptide 
derivatives that are equally as potent as the natural ligand 
PSGL-1. 

EXPERIMENTAL PROCEDURES 
Materials— Fmoc protected amino acids, 1-hydroxybezotriazole 
(HOBt), 2-(lH-benzotriazole- 1-yD- 1,1 ,3,3- te tramethyluronium tetraflu- 
oroborate (TBTU), benzotnazol-l-yloxytris(dimethylamino)phos- 
phonium hexafluorophosphate (BOP), and 4-hydroxymethylphenoxy- 
acetic acid (HMPA) were purchased from Nova Biochem (Laufelingen, 



'The abbreviations used are: PSGL-1, P-selectin glycoprotein li- 
gand-1; sLeX, sialyl Lewis X; Fmoc, N-(9-fluoroenyl)methoxy-carbonyl; 
HOBt, 1-hydroxybezotriazole; TBTU, 2-(lH-benzotriazole-l-yl)-l,l,3,3- 
te tramethyluronium tetrafluoroborate; BOP, benzotriazol- 1-yloxytris- 
(dimethylamino)phosphonium hexafluorophosphate; HMPA, 4-hy- 
droxymethylphenoxyacetic acid; Dipea, ivyV-dus op ropyl ethyl amine; 
DMF, A^^-dlmemylformamide; TM11-PO, tetrameric complex of bio- 
tinylated TMll with streptavidin peroxidase; HPLC, high performance 
liquid chromatography; Boc, iVMr-butoxycarbonyl); DDE, 4,4-dimethyl- 
2,6-dioxocydohex-l-ylidene)ethyl; CHO, Chinese hamster ovary; 
CHO-P, CHO cells expressing P-selectin; PAA, polyacrylamide; Le°, 
Lewis A; AM, ace toxym ethyl. 
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Switzerland), except Fmoc-4-aminobenzoic acid, Fmoc-(4-aminomethylV 
benzoic acid, and Fmoc-tranexamic acid, which were from Neosystem 
(Strasbourg, Prance). Trifluoroacetic acid, iV^-diisopropylethylamine 
(Dipea), dichlorom ethane, dichloroe thane, NJ^-di me thylform amide 
(DMF), piperidine, and l-methyl-2-pyrrolidine were of peptide grade 
and purchased from Biosolve (Valkenswaard, The Netherlands). 4-Di- 
methylaminopyridine was obtained from Janssen (Beersse, Belgium). 
iV^'-dicyclohexylcarbodiimide, hydrazine monohydrate, and all of 
the carboxylic acids were obtained from Acros ( Hertogenbosch, The 
Netherlands). Af-Methylmorpholine was obtained from Fluka (Buchs, 
Switzerland). Tentagel S-NH a (0.26 mmol/g) was from Rapp Polymer 
(Tubingen, Germany). Triisopropylsilane, goat anti-human IgG (Fc- 
apecific), and bovine serum albumin were from Sigma- Aldrich. TM11- 
biotin (biotin-CDVE WVDVSSLEWDLPC) was synthesized by Dr. Van 
der Zee (Department of Immunology, Utrecht, The Netherlands). 
Human P-selectin/IgG-Fc and human E- select in/I gC-Fc chimeras were 
kindly provided by Drs. Appelmelk and Van Dyk (Free University of 
Amsterdam, Amsterdam, The Netherlands). Human L-selectin and 
mouse P-selectin were purchased by R&D Systems Europe, Ltd. 
(Abingdon, UK). Streptavidin peroxidase was obtained from Amersham 
Biosciences, and biotin-PAA-Le"-SO s H was from Synthesome 
(Munchen, Germany). 3,3\6,6'-Tetramethylbenzme/H a 0 2 was obtained 
from Pierce. RPMI 1640 medium, Dulbecco's modified Eagle's medium, 
fetal calf serum, and pen iril I i n/streptomycin were obtained from Bio- 
Whit taker Europe (Venders, Belgium). 

Chemical Synthesis of Resin-bound Core Sequence 9 — Core se- 
quence 9 FmocHN-Glu(OtBu)«Trp(Boc)-Val-Asp(OtBu)-Val-Lys- 
(DDE)-y-aminobutyric acid-HMPA-resin was synthesized on an Ap- 
plied Biosystems 9050 peptide synthesizer (Warrington, UK) using 
standard Fmoc chemistry. In short, Tentagel S-NH 2 (load 0.26 
mmol/g) was provided with HMPA as a linker, resulting in resin 8. 
Fmoc-7-aminobutyric acid-OH (10 eq) was attached to the HMPA 
resin 8 under the agency of TV^V'-dicyclohexylcarbodiimide (5 eq) and 
4-dimethylaminopyridine (0.5 eq). All other amino acids, with acid- 
labile side chain protection if necessary, were attached by coupling in 
the presence of HOBt/TBTU/Dipea (4, 4, and 8 eq, respectively). After 
coupling, the resin was washed with DMF, tso-propanol, and diethyl 
ether and subsequently dried. 

Synthesis of Library 10 — The solid phase synthesis of library 10 was 
performed using a Flexchem 0 system (Robbins Scientific). After re- 
moval of the N-terminal Fmoc group of sequence 9 by 20% piperidine in 
DMF, the resin was washed (in DMF) and dried. The resin was distrib- 
uted in 10- mg quantities over a solvent-resistant 48-well filter plate. 
After washing with DMF, a mixture of the desired carboxylic acid (40 
eq), BOP (20 eq), HOBt (20 eq), and iV-methylmorpholine (100 eq) was 
added (total volume, 300 jtl), and the suspended resin was incubated for 
3 h. Subsequently, the resin was washed with DMF and incubated three 
times for 3 min with hydrazine monohydrate (2% in DMF) to remove the 
DDE group. After washing with DMF, a mixture of the second carbox- 
ylic acid, BOP, HOBt, and Af-methylmorpholine (same amounts as 
described above) was added and once again incubated for 3 h. Peptides, 
which were only modified at the C- terminal lysine (peptides HP01- 
HP07), were first AT-bocylated with di-fert-butyl-dicarbonate (0.25 m) 
and Dipea (0.125 m) in l-methyI-2-pyrrolidine to protect the N-terminal 
amine function. After removal of the solvent, the peptides were cleaved 
off from the resin with a trifluoroacetic acid, triisopropylsilane, and 
water mixture (95:2.5:2.5, v/v/v). Each sample was lyophilized and 
stored at —20 °C until use. 

Synthesis of Peptides 11-13, Library 14, and Peptides 27-33— Pep- 
tides 11-13, library 14, and peptides 27-33 were prepared in the same 
manner as described for library 10 from resin bound core sequence 
FmocHN-Trp(Boc>.Val-Asp(OtBu)-Val.HMPA-resin. Peptide 11 was 
acetylated using acetic anhydride (0.25 m) and Dipea (0.125 m) in 
l-methyl-2-pyrrolidine. 

Preparation of Samples and Determination of Peptide Concentra- 
tion — Lyophilized peptides were dissolved in ammonia (100 mia, 100 ul) 
and aqueous ammonium bicarbonate solution (5 mM, 400 $d). The 
peptide concentration was determined spectrophotometrically at 280 
nm (tryptophan; € = 5.5 mM" 1 cm -1 ). Absorptions were corrected for 
the absorption coefficient of the introduced carboxylic acid(s). Com- 
pound purity was checked randomly (-10% of all compounds) by 
HPLC analysis on a C8 or C18 reversed phase column (Alltech, Breda, 
The Netherlands) using an acetonitrile/water gradient with 0.1% trif- 
luoroacetic acid at 280 nm and by matrix-assisted laser desorption 
ionization mass spectrometry. Compounds in Tables I and II were all 
purified by HPLC analysis (>90%) and analyzed by mass spectrometry. 

Competition Assay with TMll-PO or BiotinPAA-Le a -S0 3 ~~The pep- 
tides were assayed for their ability to inhibit TMll-PO binding to 



human P-selectin (16) or biotin-PAA-Le*-SO a H binding to human and 
mouse P-selectin and human E- and L-selectin (17). TMll-PO, a tet- 
rameric TMll/streptavidin peroxidase complex, were freshly prepared 
by incubating streptavidin peroxidase (8.4 Id, 2.0 uM) and TM 11 -bio tin 
(biotin-CDVE WVDVSSLEWDLPC, 1.5 ul, 190 mM) for 2 h at room 
temperature in assay buffer. For competition studies, a 96-well micro- 
liter plate (high binding, flat bottom; Costar, Corning, NY) was coated 
overnight at 4 °C with 10 /ig/ml goat anti-human IgG in coating buffer 
(50 mM NaHC0 3 , pH 9.6). Subsequently, the wells were washed with 
assay buffer (20 mM HEPES, 150 mM NaCl. 1 mM CaCl^, pH 7.4) and 
incubated for 1 h at 37 °C with blocking buffer (3% bovine serum 
albumin in assay buffer). After washing with assay buffer, the wells 
were incubated for 2 h at 37 °C with human P-selectin/IgG-Fc (0.3 
Mg/ml). Subsequently, the wells were washed with assay buffer and 
incubated for 1 h at 4 °C with the TMll-PO complex or biotin-PAA-Le*- 
SO s . The wells were washed six times with washing buffer (0.1% Tween 
20 in assay buffer). S^'.S^'-Tetramethylbenzine/HaOa was added, and 
the wells were incubated at room temperature for 15 min. The reaction 
was halted by the addition of 2 m H 2 S0 4 , and the absorbance was 
measured at 450 nm. 

HL60 Adhesion Assay— HL60 cells were fluorescently labeled by 
incubation for 30 min at 37 °C with 5 /U* calcein-AM (Molecular Probes 
Leiden, The Netherlands) in RPMI. These cells (50,000/well) were 
added to cultured CHO cells expressing P-selectin (CHOP cells, cul- 
tured in Dulbecco's modified Eagle's medium with 10% fetal calf serum. 
5 mM nonessential amino acids, 5 mM L-glutamine, and 20,000 units 
penicillin/streptomycin), seeded in 96-well plates in the presence oi 
absence of the P-selectin antagonists (lh, 4 °C) (16). After gentle wash- 
ing with RPMI, CHO-P-associated fluorescence was measured (A = 
485, A. m = 530 nm). ^" 

Flow Chamber and Perfusion Studies — Dynamic interactions be- 
tween HL60 cells and CHO-P cells monolayers grown onto glass cover- 
slips coated with 30 Mg/ml collagen (collagen S type I; Roche Diagno- 
sis, Brussel, Belgium) were analyzed in a parallel plate perfusion 
chamber as described (18), with some modifications. The covers lip 
constituted the bottom of the chamber, and the actual chamber was 
formed by a 254-fun height silicon rubber gasket designed with a 
conically shaped flow path, thus resulting in a 3-fold increase of wall 
shear rate from the inlet of the chamber to the outlet. Calcein-AM- 
labeled HL60 cells suspended in RPMI (0.5 x lOVml) were perfused 
at 37 °C with an inverted syringe pump (Harvard Instruments, South 
Natick, MA) at a flow rate of 1 ml/min. By mounting the flow chamber 
on the table of an inverted epifluorescence microscope (Diaphot; 
Nikon, Melville. NY) coupled to a Cohu CCD video camera (COHU 
Inc., San Diego, CA), HL60 cells translocation over CHO-P monolay- 
ers were observed at wall shear rates of 300 and 600 a -1 , in the 
presence or absence of P-selectin antagonists added to HL60 suspen- 
sions 2 min before the onset of perfusion. Real time movies of 12 s (10 
images/s), recorded at random positions in the flow path correspond- 
ing to chosen wall shear rates were stored into the memory of an 
attached computer and digitized with a Scion LG3 frame grabbe- 
(Scion Corp, Frederick, MD). The velocity of HL60 cells rolling ov 
the CHO-P cells was determined by measuring the distance traveled 
by the HL60 cells during at least 1 s of flow, using the NIH Image 
program, version 6.1. 

RESULTS 

In pursuit of P-selectin antagonists for intervention in in- 
flammatory diseases such as atherosclerosis, a cysteine-con- 
s trained phage -displayed peptide library was screened for P- 
selectin binders (16). A number of positive clones, including 
TM11, were identified and sequenced for their peptide insert 
(Table I). Comparison of the peptides for sequence homology 
revealed a pentapeptide consensus motif, which was estab- 
lished to be critical for human P-selectin binding by subsequent 
truncation and alanine scanning: EWVDV. With its low micro- 
molar affinity, we argued that the therapeutic potential of the 
EWVDV peptide would greatly benefit from further optimiza- 
tion studies. 

Instead of conventional replacement of individual amino ac- 
ids by naturally occurring amino acids, we preferred introduc- 
tion of new chemical entities within the EWVDV core sequence 
by acylation of available amine groups to enhance the affinity 
for P-selectin. This flexible strategy enables the introduction of 
an infinite range of substituents and already has been shown 
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effective for the optimization of an SH2 binding peptide by Yen 
et aL (19). Although Yeh et at. used a vast peptide library (~ 10 3 
peptides) for screening, we considered a stepwise optimization 
protocol on the basis of dedicated libraries of approximately 
100 EWVDV analogues to be at least equally effective and more 
practical. In the first screening step we have addressed the 
effect of substituting the N and C termini of the EWVDV motif 
with seven different moieties (Pig. 1, acyl moieties 1-7), result- 
ing in a library of 63 compounds. 

The N-terminal amine group within the peptide was readily 
available for coupling to the carbozylic acids after removal of 
the protecting Fmoc group. To enable modification at the C 
terminus, however, a DDE-protected lysine was introduced 
behind the last valine of the core peptide. The DDE group can 

Table I 

Peptides and their affinities for human P-selectin as determined by 
competition enzyme-linked immunosorbent assay 



be selectively removed with 2% hydrazine without affecting the 
acid-labile side chain protecting groups (20), thus allowing 
independent introduction of substituents at either site of the 
peptide. Starting from Tentagel S-NH 2 resin with an acid- 
labile HMPA linker (resin 8), core sequence 9 was synthesized 
using HOBt/TBTU/Dipea couplings. The first amino acid, 
7- amino butyric acid, was introduced to increase the distance 
between the C-termiaal carboxylic acid and the amine function 
of the lysine. After the introduction of carboxylic acids 1-7, 
library 10 was cleaved from the resin by incubation with a 



Peptide 



Sequence 



S te a die d Fmoc 



TM11 



11 
12 
13 



CDVEWVDVSSLEWDLPC 
EWVDV 
DWVDV 
KWVDV 
AWVDV 
WVDV 
Ac-WVDV 
GA-WVDV 
GA- EWVDV 



2* 
8* 
I6 fc 
28* 
27 6 
>1000 fc 
27 
0.037 
0.031 



a The results are the averages of at least three experiments at eight 
different concentrations of peptide as determined in TMll-PO compe- 
tition ELISA (see "Experimental Procedures"). 

* Prom Molenaar et al. (16). 



HO 
1 




OH 



Fig. 1. Chemical structures of acyl moieties introduced to core 
sequence 10. 




(DDE) 



1. Introduction of R, and/ or R 3 

2. TFA cleavage 




(Rj-EWVDVKCRjXiABA-OH) 

Fig. 2. Solid phase synthesis of library 10. Core sequence 10 was 
synthesized using standard Fmoc chemistry on Tentagel S-NH^ resin 
with HMPA linker (sequence 9). The core peptide was then derivatized 
at the N terminus (after removal of the Fmoc) or on the C terminus 
(after selective removal of the DDE group by 2% hydrazine) with seven 
different carboxylic acids (see Fig. 1). The peptides were liberated from 
the resin by trifluoroacetic acid cleavage, resulting in library 10. tBu t 
tert-butyl; TFA, trifluoroacetic acid. 



Fig. 3. Ability of peptides HP10- 
HP77 to inhibit ligand binding to hu- 
man P-selectin. The crude peptides 
were tested in a competition assay for 
their ability to displace binding of 
TMll-PO to human P-selectin. Each bar 
represents the binding of TMll-PO in the 
presence of peptide (5 j±M, n = 3-5 ± 
S.E.). The peptides are coded HPij, where 
i and 7 refer to the acyl moiety attached to 
the N and C termini, respectively. The 
N/ C- terrain ally unmodified amino group 
is indicated by 0. 
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trifluoroacetic acid/triisopropylsilane/H 2 0 mixture (Fig. 2). To 
elucidate peptides with enhanced P-selectin binding as com- 
pared with the EWVDV core, all of the crude peptides were 
tested below the IC^ of the EWVDV peptide (IC M = 6 jtM) at 5 
ptM in a competition assay for binding TM11-PO to P-selectin 
(Fig. 3). This complex was previously shown to be a potent and 
specific ligand for P-selectin (16). Peptides with N-tenninal 
1,3 ,5 -tricarboxylic acid (acyl moiety 1) or gallic acid (acyl moi- 
ety 6) substituents were found to be most effective in inhibiting 
P-selectin binding: > 90% as compared with only 35% for the 
unsubstituted reference. The C-terminal counterparts, pep- 
tides HPOl and HP06, were considerably less effective, 
whereas the disubstituted peptides HP11 and HP66 were 
equally as potent as the N-terminal monosubstituted peptides 
HP10 and HP60 (peptides are coded HPy , where i and j refer to 
the acyl moieties attached to the N and C termini, respectively; 
N/C-terminally unmodified amino group is indicated by 0). 
Therefore, for the second optimization step we shifted our 
attention to the N-terminal substitution, thus obviating the 
introduction of a potentially perturbing lysine group at the 
C-terminal end. 

Earlier observations already suggested that the N-terminal 
amide function rather than the complete glutamic acid moiety 
is necessary for potent P-selectin binding (16). Peptides 
KWVDV and AWVDV were equally potent inhibitors of P- 
selectin binding, but the absence of an N-terminal amide func- 
tion (WVDV) led to a complete loss in binding capacity (Table 
1). To conclusively demonstrate the involvement of the amide 
group in P-selectin binding, we have synthesized Ac- WVDV 
(Peptide 11). Indeed, Ac- WVDV was found to inhibit P-selectin 
binding at a similar potency as the core sequence EWVDV. 
Likewise, when gallic acid (acyl moiety 6), the most potent 
substituent of the first library, was attached directly to the 
a-amine group of WVDV (peptide 12), this had similar potency 
as when the longer EWVDV core was used instead (peptide 13) 
(ICgo = 37 versus 31 nM, respectively). 

On the basis of the above findings, a new library of 42 
substituted WVDV peptides was designed (Fig. 4A, library 14h 
This dedicated library served two purposes. First, the length 
and flexibility of the linker between the N-terminal substituent 
group and the WVDV motif were varied to optimize the spatial 
orientation of the substituent. Carboxylic acids 1*3 were at- 
tached directly to the a-amino group of the WVDV core or via a 
glycine or aminobutyric acid spacer (linkers R 4 ). Second, to be 
able to pinpoint the actual groups within 1,3,5-benzene carbox- 
ylic acid and gallic acid responsible for the enhanced affinity of 
peptides HP10 and HP60, several carboxylic acids resembling 
these carboxylic acids were introduced at the N-terminal amine 
(carboxylic acids Rg). 

In addition, a range of other anionic substituents was intro- 
duced to mimic the negatively charged tyrosine sulfates and 
the neuraminic acid of sLeX of PSGL-1. These moieties have 
been shown to be crucial for high P-selectin binding, possibly 
through occupation of a second binding site on P-selectin (12, 
21, 22). Because a number of peptides from library 10 could 
displace TM11-PO binding above 90% at a 5 uw concentration, 
the peptides from library 14 were tested at 1 ujk. At this 
concentration, L-cysteic acid-derived (acyl moiety 15) and 5-sul- 
fosalicyclic acid-derived (acyl moiety 16) peptides gave up to 
40% inhibition of TM11-PO binding, which is comparable with 
the 1,3,5-benzenetricarboxylic acid -derivati zed peptides (acyl 
moiety 1) (Fig. 4B). Attachment of nitroaryl (acyl moiety 17) or 
fluoroaryl groups (acyl moiety 18) resulted in peptides equally 
as potent as EWVDV, displaying a nonsignificant 5% inhibition 
at this concentration. 

Removal of one of the carboxyl acids of substituent 1, by 




14 

(Rj-R4-WVDV-OH) 




J^gy 



* • 




-W* aX r^ V' 



21 1 




jo*> V* yrf» 



Fig. 4. Chemical structure and biological activity of library 14. 

A, chemical structure of compounds from library 14. B-D, members of 
crude peptide library 14 (1 aim) were tested in a competition assay of 
TM 1 1-PO binding to human P-selectin. Three different spacers between 
the acyl moiety and the WVDV core sequence were used (RJ: no spacer 
(white bars), a glycyl spacer (hatched bars), and amino butyric spacer 
(black bars). The chemical structures of the introduced acyl modifica- 
tions (R,) are depicted below these bars. 
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Table II 

Gallic acid-derivatized peptides and their ICg* for human P-selectin 
as determined by competition enzyme-linked immunosorbent assay 

ICm(||M> . 



125 



12 



27 




37.1 



18.3 



15.4 



30 



31 



32 




250 



590 



0 The values are the means of at least three experiments at eight 
different concentrations of peptide as determined in TM11-PO compe- 
tition enzyme-linked immunosorbent assay (see "Experimental Proce- 
dures-). 




Log [peptide], (M) 

Fig. 5. Competition of biotin-PAA-Le*-S0 3 binding to human 
P-selectin <■), mouse P-selectin (□), human L-selectin (A), and 
human E-se lectin (T) by peptide 28. The wells were coated with 
each selectin (0.3 fig/ml) and incubated with 0.33 ftgfrnl biotin-PAA- 
Le 0 -S0 3 with or without peptide 28 as described in under "Experimen- 
tal Procedures.'* The values represent the means of triplicate experi- 
ments ± S.E. 

introduction of carboxylic acids 19-21, did not considerably 
reduce the affinity for P-selectin, regardless of the position and 
flexibility of the remaining groups (Fig. 4C). Replacement of 
the carboxylic acid by an hydroxyl group (carboxylic acid 1 by 
22) did not influence P-selectin binding either, suggesting that 
the gain in affinity is mediated by hydrogen bridging rather 
than electrostatic interactions. Contrary to the effect of the 
carboxylic acids, the number of exposed hydroxy Is appear to be 
critical for its affinity, because monobenzoic acid-derivatized 
(acids 23 and 24) and dihy droxy b enzoic acid-derivatized (acid 
25) peptides were much less effective than the trihydoxylated 
counterparts (1) (Fig. AD). Importantly, P-selectin binding was 
completely abolished after conversion of the hydroxyls into 




Log [peptide], M 

Fig. 6. Competition of HL60 cell binding to CHO-P cells by 
peptide 28 (■) or EWVDV <•). CHO-P cells seeded in 96 wells were 
incubated with calcein- labeled HL60 cells in the presence of peptide 28 
or EWVDV. The values represent means of triplicate experiments ± 
S.E. 
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Fig. 7. HL60 rolling velocities in flow chamber perfusion ex- 
periments. The velocity (/im/a) of calcein-AM-labeled HL£0 cells roll- 
ing over CHO-P cell-coated coverslips at wall shear rates of 300 s" 1 
(white bars) and 600 s" 1 (black bars), in the absence (control) or pres- 
ence of peptide 28 (5, 50, and 500 dm) or EWVDV (500 nM)) was 
determined from real time movies. For each condition the velocity of at 
least 20 individual HL60 cells was measured in three to nine independ- 
ent perfusion assays. The values represent the means ± S.E. of rolling 
velocities, no tethering means a too short contact time (< 0.1 s) between 
HL60 cells and CHO-P monolayers to allow velocity measurement. 

methyl ethers (via introduction of acid 26). 

The spacer length R 4 between the core motif and the substit- 
uent was of little influence. IC&q values for the peptides lacking 
an intermediate spacer or having a glycyl or amino buryrate 
spacer (peptides 12, 27, and 28, respectively) ranged from 37.1 
to 15.4 nM (Table II). Further elongation of the spacer, however, 
to an amino hexanoate (C-6) (peptide 29) caused a significant 
decrease in affinity (IC^ = 62.9 om). 

Because flexible spacers confer the advantage of minimal 
conformational constraints but at the same time cause a max- 
imal loss in entropy after binding, it is preferable to insert a 
more rigid spacer between the substituent and the core motif, 
when possible. To investigate the effect of spacer flexibility on 
the affinity of the substituted peptides for P-selectin, we there- 
fore introduced a number of equally sized, more rigid ana- 
logues. A cyclic L-proline linker (peptide 30) led to a 5-fold 
reduction of the IC^ to 250 nM. Use of a linear 4- amino ben- 
zoate spacer, which is conformational^ locked and only allows 
axial rotation of the gallic acid moiety (peptide 31), let to a 
complete loss in affinity (>1000 elm). Interestingly, binding is 
partially recovered when inserting an additional CH 2 group 
between linker and gallic acid (peptide 32), regardless of 
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whether the cyclohexyl group is plain aromatic (phenyl; peptide 
32) or chair/boat configured (cyclohexyl; peptide 33). 

Introduction of the gallic acid moiety did not influence the 
specificity of the peptides. Peptide 28, the most potent antag- 
onist of this series, did not displace biotin-PAA-Le a -S0 3 H bind- 
ing to either mouse P-selectin or human E- and L-selectin (Fig. 
5). This PAA-based conjugate of sulfated Le a was reported to 
bind with low nanomolar affinity to all selectins (17). 

Finally, we investigated peptide 28 for its ability to inhibit 
HL60 cell adhesion to P-selectin-transfected CHO cells 
(CHOP cells) under static (Fig. 6) and flow conditions (Fig. 
7). Monocyte-derived HL60 cells have a high expression of 
PSGL-1 (10, 23) and are adherent to CHO-P cells. Peptide 28 
was found to inhibit HL60 cell adhesion with an EC 60 of 74 
nM, indicating that it is an effective inhibitor of human P- 
selectin in a more physiological setting. Under flow condi- 
tions, the peptide significantly increased the rolling velocity 
of HL60 cells at concentrations as low as 50 nM, indicating a 
reduced interaction between PSGL-1 and P-selectin. Surpris- 
ingly, at 500 nM tethering to and rolling of HL60 cells along 
P-selectin expressing cells could be observed. This is in sharp 
contrast to the unmodified EWVDV peptide, which was un- 
able to affect the rolling velocity or cell adhesion at the same 
concentration. 

DISCUSSION 

The use of phage display in ligand discovery has been 
shown to be very effective over the last decade, in particular 
for ill-defined targets (24, 25). Despite its apparent promise 
for the identification of peptide motifs as initial leads, phage 
display-based drug design has a number of setbacks. Derived 
leads often display affinity in the micromolar to millimolar 
range, which precludes direct use in a therapeutic setting. In 
addition phage display does not allow the introduction of 
unnatural amino acid derivatives or post-translational mod- 
ifications. A conventional strategy to increase the affinity of 
the peptide ligands involves the systematic replacement of 
amino acids after having identified a minimal effective motif 
via alanine scanning and truncation studies (26, 27). An 
integrated approach in which lead peptides are optimized 
using combinatorial organic chemistry on the other hand will 
pave the way for non-amino acid modifications of the peptide 
leads and will greatly increase the number of possible 
substituents. 

The most convenient way to introduce these modifications 
and to generate large compound libraries involves the use of 
solid phase combinatorial chemistry. However, the synthesis of 
large peptide libraries puts serious demands on purification 
and screening of compounds to render the process viable. Small 
dedicated libraries of compounds with a stepwise approach 
may likely be equally effective for enhancing target affinity. 

In this study we have taken a phage display-derived peptide 
(16) as a starting point for organic chemical optimization. This 
EWVDV pentapeptide was shown to specifically bind to P- 
selectin and antagonized HL60 adhesion to P-selectin-trans- 
fected cells. In a first library, seven different substituents were 
introduced by acylation of primary amine groups at either the 
N or C terminus. Affinity testing of the crude peptides, at a 
concentration just below the IC 50 of the parental EWVDV pep- 
tide to reduce the number of hits (5 ^lm), revealed that N- 
terminal modification with 1, 3, 5-tricarboxy benzoic acid (car- 
boxy lie acid 1) or gallic acid (car boxy lie acid 6) were most 
effective in inhibiting P-selectin binding (>90% inhibition ver- 
sus 30% for the underivatized peptide). C teraiinus modifica- 
tions had little to no influence on the affinity of the core 
peptide. 

The core peptide could even be reduced to WVDV after iden- 



tification that the N-terminal amide rather than the glutamic 
acid was imperative for P-selectin binding. However, when a 
negatively charged Glu or Asp before the WVDV was present, 
P-selectin binding was slightly improved compared with other 
uncharged amino acids like Ala and Lys. Negatively charged 
groups within PSGL-1, i.e. tyrosine sulfates and the neura- 
minic acid of sLeX, are found to be crucial for P-selectin binding 
(11-14). This might imply that negatively charged amino acids 
Glu and Asp interact with P-selectin at a site proximal to the 
actual sLeX-binding site. Indeed the existence of a second bind- 
ing pocket has already been speculated upon in a number of 
reports (12, 21, 22), although solid evidence still remains to be 
provided. The derivatization of the core peptide with the gallic 
acid substituent, again the best substituent in our second li- 
brary, would also allow occupation of both binding sites, thus 
explaining the considerably increased affinity. 

Of the introduced spacers, the elongated aminobutyric acid 
spacer performed best (peptide 28, IC^ = 15.4 nM). Introduc- 
tion of longer or more rigid spacers led to a considerable loss in 
affinity, indicating that the spatial orientation of the terminal 
gallic acid group with respect to the peptide is critical. Peptide 
28 was also tested for its ability to antagonize HL60 adhesion 
to P-selectin under both static and dynamic conditions. PSGLr 
1 -mediated adhesion to P-selectin was impaired at 50 nM and 
even completely blocked at 500 nM. 

In conclusion, we show in this study that stepwise optimi- 
zation of peptide leads through dedicated small peptide li- 
braries is a very efficient strategy. The affinity of the P- 
se lectin binding sequence (E)WVDV was increased almost 
800-fold via the introduction of a gallic acid moiety at the N 
terminus, as was shown in different testing systems. Thus, 
the combined use of phage display and subsequent combina- 
torial chemistry led to the design of P-selectin antagonists 
with nanomolar affinity. These small synthetic antagonists, 
which are equally potent as the natural ligand P-selectin 
glycoprotein ligand- 1, may be promising leads in athero- 
thrombotic therapy. 

For further in vivo use we plan to alter the pharmacokinetic 
profile of these compounds. Shifting our attention from pep- 
tides to peptidomimics would also decrease the susceptibility to 
proteases. This work is currently in progress. 
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13/14 - (C) FILE CAPLUS 

STN CA Caesar accession number : 1968 

AN - 1961:22545 CAPLUS 

DN - 55:22545 

OREF- 55:4408g-i, 4409a 

TI - Reaction of substituted benzazides with benzyl amine 
AU - Shingaki, Tadao 
CS - Univ. Osaka 

SO - Nippon Kagaku Zasshi (1959), 80 , 55-8 

CODEN: NPKZAZ; ISSN: 0369-5387 
DT - Journal 
LA - Unavailable 

AB - The effects of substituents on the reaction between PhCH2NH2 (I) and BzN3 
(II) were investigated. m-NCC6H4CON3 (III) , m. 76. degree., p-NCC6H4CON3 
(IV), m. 83. degree., and other azides were prepd. from the corresponding 
acid chlorides and NaN3 in aq. Me 2 CO . I in cyclohexane (V) (15 cc . 10 
moles/1.) added to 1.47 g. II in 25 cc. V at 15-25 . degree . and the solvent 
evapd. gave from the residue 2.05 g. BzNHCH2Ph (VI), m. 10 6. degree., and 
1.42 g. I.HN3, m. 165. degree, (decompn.) . Similarly, the following 
N-aroylbenzylamines were obtained (substituent , m.p. , and production 
ratio, with that of VI taken as unity, given): p-MeO (VII), 131-2 . degree . , 
0.73; p-Me (VIII), 133. degree., 0.82; m-Me (IX), 97. degree., 0.89; m-MeO 
(X), 60-1. degree. , -; p-Cl (XI), 164-5 .degree . , 1.24; m-Cl (XII), 
97-8. degree. , 1.45; m-CN (XIII), 102-3 .degree . , 1.67; p-CN (XIV) , 
151. degree., 1.81; m-N02 (XV), 95. degree., 1.99; p-N02 (XVI), 
141-3 . degree. , 2.26. The competitive reaction was also carried out at 
15. degree, with p-ClC6H4CON3 (XVTI) as standard, and ratio of rate const. 
k/kO where kO was that of II obtained as follows: p-MeOC6H4CON3 , 0.395; 
p-MeC6H4CON3, 0.584; m-MeC6H4CON3 , 0.718; m-MeOC6H4CON3 , 1.242; XVTI, 
1.895; m-ClC6H4CON3, 3.281; III, 7.959; IV, 9.546; m-02NC6H4CON3 , 12.20; 
p-02NC6H4CON3, 13.02. H amine tt ' s .sigma. values and log(k/k0) were in 
linear relation and . rho. was obtained as 1.43. Thus, the polar and 
resonance effects ruled polarization of the carbonyl group and the 
reaction velocity. The soly . of N-aroylbenzylamines in II at 15 . degree . 
was detd. as follows (.times. 102 g./40 cc): VI, 1.16; VII, 0.98; VIII, 
0.78; IX, 1.38; X, 1.82; XI, 0.64; XII, 1.28; XIII, 0.40; XIV, 0.32; XV, 
0.54; XVT, 0.42. 
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STN CA Caesar accession number : 1969 

AN - 1961:22544 CAPLUS 

DN - 55:22544 

OREF- 55:4408f-g 

TI - Gallic acid anilides 

AU - Slyusarev, A. T . ; Gershuns, A. L. 

CS - Kharkhov Univ. 

SO - Ukrains'kii Khemichnii Zhurnal (I960), 26, 364-7 

CODEN: UKHZAS; ISSN: 0372-4190 
DT - Journal 
LA - Russian 

AB - 3,4,5- <H0) 3C6H2COC1 and p-RC6H4NH2 form the following 3,4,5- 

(HO)3C6H2CONHC6H4R-p (Randm.p. given): H, 202-4 . degree . ; OH, 
274-6 .degree. ; Me, 212-14 . degree . ; CI, 216-19 . degree . ; C02H, 
287-9. degree. ; N02 , 174. degree.; Me2N, 238-40 . degree . ; Et2N, 
218-21 .degree. ; PhNH, 182-4 .degree . . 
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STN CA Caesar accession number : 1967 
AN - 1962:44 6635 CAPLOS 
DN - 57:46635 
OREF- 57:9282f-h 

TI - Association constants of silver (I) and cyanide ions in molten equimolar 

sodium nitrate-potassium nitrate mixtures 
AU - Manning, D. L. ; Blander, M. 
CS - Oak Ridge Natl . Lab . , Oak Ridge , TN 
SO - Inorg. Chem. (1962), 1, 594-9 
DT - Journal 
LA - Unavailable 

AB - E.m.f. measurements were used to evaluate the assocn. consts. Kl , K2 , and 
Kl,2 for the formation of AgCN, Ag(CN)2-, and Ag2CN+, resp., in dil. 
solns. of Ag+ and CN- in molten equimolar NaN03-KN03 nixts . at 246, 286, 
and 326. degree.. The very strong assocns. necessitated measurements at 
extremely low concns . in order to evaluate the assocn. consts. Values of 
Kl, K2, and Kl,2 in mole fraction units are 230,000, 140,000, and 80,000 
at 24 6. degree.; 220,000, 105,000, and 60,000 at 286. degree.; and 190^000, 
(50,000) , and (36,000) at 326 . degree . . The entropies of assocn. of the 
ion pair involving the diat. CN- (and the polyat. S04 — previously 
measured, CA 54, 23688h) are much more positive than for the association 
of Ag+ with the m on atomic ions CI- and Br- and are larger than the 
"configurational" contribution to the entropy of assocn. calcd. from the 
quasi -lattice model. 
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TI - Dissociation of p-carboxygallanilide 
AU - Slyusarev, A. T.; Gershuns , A. L. 
CS - Met. Inst., Zhdanov 

SO - Ukrainskii Khimlcheskii Zhurnal (Russian Edition) (1962), 28, 309-15 

CODEN: UKZHAU; ISSN: 0041-6045 
DT - Journal 
LA - Russian 

AB - Potentiometric detn. of the first two dissbcn. consts . of 

p-[3,4,5-(HO)3C6H2CONH]C6H4C02H give (5.0 .+-. 0.18) .times. 10-5 and (2.1 
.+-. 0.12) .times. 10-9, resp. Spectroscopic measurements give similar 
results . 
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STN CA Caesar accession number : 1965 
AN - 1964:86480 CAPLUS 
DN - 60:86480 
OREF- 60:15135e-g 

TI - Determination of titanium in heat-resistant steels 
AU - Lapin, N . N. ; Efimenko, A. G. 

SO - Sb. Nauchn. Tr. Zhdanovsk. Met. Inst. (1963), (9), 103-7 

From: Ref. Zh. , Khim. 1963, Abstr. No. 20G101. 
DT - Journal 
LA - Unavailable 

AB - A previously described method for detn. of Ti with chromotropic acid was 

used for analysis of heat-resistant steel. A method was developed for the 
detn. of Ti in heat-resistant steels with gallic acid p-carboxyanilide 
(I), which forms with Ti at pH 4.0-4.7 a compd. with max. absorption at 
380 m.mu. . Heat-resistant steel (0.1 g.) is dissolved in 10 ml. H2S04 
(1:4) , HN03 is added for breaking up of carbides, and water is added to 
give 100 ml. The obtained soln. (5 ml.) is neutralized with NH40H to sep. 
Fe(OH)3; H2S04 (1:4) is added to dissolve the ppt. ; 5 ml. of 1% soln. of 
ascorbic acid, 5 ml. of 0.01M soln. of I, and 1 ml . of N soln. of NaOAc 
are added, the soln. is dild. with water to 50 ml. and photometered at 380 
m.mu. in 1-cm. cuvets . The method was carried out during analysis of 
steels of Cr-Ni-Ti, Cr-Ti-V, and Cr-Ni-Mo-Ti. The error of detn. is 
.ltoreq. 0 . 05% . 
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TI - Dissociation of p-carboxygallic anilide 
AU - Slyusare, A. T. ; Gershun, A. L. 

SO - Uch. Zap., Khar'kovsk. Gos. Univ. 133, Tr. Khim. Fak. i Nauchn . -Issled. 

Inst. Khim. (1963), 133(19), 95-103 
DT - Journal 
LA - Unavailable 

AB - cf . CA 57, 9282h. Disspcn. of p-carboxygallic anilide (I) was studied by 
potentiometric and spec tropho tome trie methods. In the pH region 
.ltoreq.ll, I behaves as dibasic acid H2R and dissoc. according to: H2R 
.rdblhar. H+ + HR- and HR- .rdblhar. H+ + R2- . The 1st and 2nd dissocn. 
consts. Kal = (4.93 .+-. 0.O3) .times. 10-5 and Ka2 = (2.37 .+-. 0.01) 
.times. 10-9, were obtained from potentiometric data. The Ka values 
obtained by the spectrophotometry method are close to the reported 
values. Titration curve and absorption spectra of I are given. 
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DT - Journal 
LA - Russian 

GI - For diagram(s), see printed CA Issue. 

AB - To 50 g gallic acid, 2 ml Et3N, and 250 ml CHC13 was added 165 g SOC12 at 
45-50 .degree, over 0.5 hr, and the mixt. refluxed (55-60 . degree . ) 6-8 hr 
to give .apprx.100% galloyl chloride. To this (50 g) in 1350 ml abs . Et20 
were added 36.1 g p-H2NC6H4C02H and 74.7 g anhyd. K2C03 , and the mixt. was 
refluxed 10-12 hr to give 50% title compd. (I) . 
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DN - 85:136659 

TI - Photometric determination of molybdenum in tungsten and its alloys as a 

carboxygallanilide complex 
AU - Pashchenko , E . N . ; Mai 1 tsev , V . F . ; Zher i Jcova , A . N . 

CS - Ail-Union Sci.-Res. Design-Technol . Inst. Pipe Ind. , Dnepropetrovsk, USSR 
SO - Zhurnal Analiticheskoi Khimii (1976), 31(2), 400-1 

CODEN: ZARHA8; ISSN: 0044-4502 
DT - Journal 
LA — Russian 

AB. - At pH 4-9, Mo and W form colored complexes with p- carboxygallanilide; max. 
yield is obtained at pH 4.5-6.5. Max. absorbance of the complexes is in 
the uv range. At 470-500 nm, the Mo absorbance is quite high, while that 
of the W complex is negligible, which allows Mo detn. in the presence of 
W. Mo reacts with the reagent in a 2:3 molar ratio; the molar 
absorptivity of the complex is 15 . times . 103 . A photometric procedure 
was developed for Mo detn. in W and its alloys. When Fe, Ni, Ti , Zr, Nb 
and Ta are present, they are pptd. and thus sepd. form Mo. 

IT - 35388-09-1 

RL: ANST (Analytical study) 
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AN - 1975:612201 CAPLUS - 
DN - 83:212201 

TI - Photometric determination of molybdenum 

IN - Mal'tsev, V. F. ; Pashchenko, E . N. ; Zherikova, A. N. 

PA - USSR 

SO - O.S.S.R. 

From: Otkrytiya, Izobret. , Prom. Obraztsy, Tovarnye Znaki 1975, 52 (29) , 
132. 

CODEN: ORXXAF 
DT - Patent 
LA - Russian 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 

>N - SU48O00O T 19750805 SO 1972-1858183 19721211 

PRAI- SO 1972-1858183 19721211 

AB - The photometric detn. of Mo in the presence of macroamts . of W includes 
addn. of an org. reagent. To decrease the time of detn. and to improve 
the sensitivity, the org. reagent used is 3 , 4 , 5- trihydroxybenzoyl-p- 
aminobenzoic acid. 

IT - 35388-09-1 

RL: ANST (Analytical study) 

(in detn. of molybdenum, spec tropho tome trie) 

RN - 35388-09-1 CAPLOS 

CN - Benzoic acid, 4- [ (3 , 4 , 5-trihydroxybenzoyl) amino] - (9CI) (CA INDEX NAME) 
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4/14 - (C) FILE CAPLUS 

STN CA Caesar accession number : 1959 
AN - 1987:467992 CAPLUS 
DN - 107:67992 

Ti - Silver halide color photographic material 
IN - Sakagami, Megumi 

PA - Fuji Photo Film Co., Ltd., Japan 
SO - Jpn. Kokai Tokkyo Koho, 27 pp . 

CODEN: JKXXAF 
DT - Patent 
LA - Japanese 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PN - JP61282839 A2 19861213 JP 1985-123946 19850607 

?RAI- JP 1985-123946 19850607 
GI 




OR 2 I COZ II 

AB A color photog. material is provided with a nonpho tosens i ti ve layer 

adjacent to a photosensitive Ag halide emulsion layer contg. .gtoreq.l 2 
equiv. polymeric magenta coupler, the above nonphotosensitive layer contg. 
I or II [Rl, R2 = H, alkali-hydrolyzable group; R3 , R4, R5 = H, sulfo, 
) carboxyl, sulf oalkyl , carboxyalkyl, alkyl; .gtoreq.l selected from R3, R4 , 
' R5 is sulfo, carboxyl, sulf oalkyl, carboxyalkyl, alkyl; Z = OR6, NR7R8 
where R6 = aliph. hydrocarbon group; R7, R8 = H, hydrocarbon group, 
heterocyclyl ; R7, R8 may cyclizej . The photog. material has superior 
sharpness, shelf life, color reprodn. , and gives color images with reduced 
color mixing. 
IT ***89946-84-9*** 
RL: USES (Uses) 

(color photog. film contg., high-sharpness) 
RN 89946-84-9 CAPLUS 

CN Benzoic acid, 4-chloro-3- [ (3 , 4 , 5-trihydroxybenzoyl) amino] - , dodecyl ester 
(9CI) (CA INDEX NAME) 
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3/14 - (C) FILE CAPLDS 
STN CA Caesar accession number : 1958 
AN - 1990:45554 CAPLUS 
DN - 112:45554 

TI - Silver halide color photographic material 

IN - Nakajo, Kyoshi; Oki, Nobutaka; Morigaki, Masakazu 

PA - Fuji Photo Film Co . , Ltd., Japan 

SO - Jpn. Kokai Tokkyo Koho, 58 pp. 

CODEN: JKXXAF 
DT - Patent 
LA - Japanese 
FAN.CNT 1 

PATENT NO. KIND DATE APPLICATION NO. DATE 



PN - JPX120554 A2 19890512 JP 1987-279843 19871105 

_PRAI- JP 1987-279843 19871105 

^GI 



O H 




I I 



AB In the title color photog. material , .gtoreq.l hydrophilic colloid layer 
contains .gtoreq.l pyrazoloazole coupler I [R = H, substituent; X = H , 
group to be released upon coupling reaction with an oxidized arom. primary 
amine developer; Za, Zb, Zc = me thine, =N- , -NH- ; 1 of Za-Zb and Zb-Zc is 
a double bond, and the other is a single bond; when Zb-Zc is a C-C double 
) bond, it may be included in arom. ring; a polymer may be formed with Rl or 
X; when Za, Zb, or Zc is a substituted methine, a polymer may be formed 
with its substituted methine], .gtoreq.l compd. II [Y = COOR1 , CONR1R2 , 
COR1, S02R1, S03R1, cyano, halogen; R1,R2 = H, aliph . , arom.; Rl and R2 
may form a ring]. The material also contains .gtoreq.l compd. selected 
from R3(A)nW, R4C(Z):T and R5Q [R3,R4 = aliph., arom., heterocyclic ring; 
.hivin.W = group to be released upon reaction with an arom. amine 
developer; A = group capable of reacting with an arom. amine developer to 

form a chem. bond; n = 0, 1; Z = H, aliph., arom., heterocyclyl , acyL, 

sulfonyl; T = promotor group which promotes addn. reaction with arom. 
amine developer; R3 and .hivin.W, T and R4 or Z may form a ring structure; 
have a specified reaction rate const, with p-anisidine; R5 = aliph., 
arom. , heterocyclyl; Q = nucleophile or nucleophile -releasing deriv. , and 
group induced from functional group with Pearson's nucleophilic nCH3I 
value .gtoreq.5] . Gradation in low d. region can be improved. Storage 
stability after coating can be also improved. 

I T ***8994 6-84-9*** ***124709-44-0*** 
RL: USES (Uses) 

(hydrophilic colloid layer contg. , as photog. additive) 
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1957 



2/14 - (C) FILE CAPLUS 
STN CA Caesar accession number 
AN - 1996:513596 CAPLUS 

- 125:167581 

- Preparation of hydroxybenzamide derivatives as prevention and treatment 
agents for bone diseases 

- Nomoto, Takashi; Kawakami, Kumiko; Akagawa, Akiko; Matsuyama, Kenji; 
Torigoe, Koichiro 

- 3anyu Pharma Co Ltd, Japan 

- Jpn. Kokai Tokkyo Koho, 15 pp. 
CODEN: JKXXAF 

- Patent 

- Japanese 
FAN - CNT 1 

PATENT NO. 



DN 
TI 

IN 

PA 
SO 

DT 
LA 



KIND DATE 



APPLICATION NO. 



DATE 



PN - JP8143525 

PRAI- JP 1994-311235 

OS - MARPAT 125:167581 
GI 



A2 19960604 JP 1994-311235 
19941121 



19941121 



H O 



O H 




CONR 2 (CH 2 >n A 



AB 



IT 



RN 
CN 



The title bone disease inhibitors contain a compd. (I) [Rl - H, halo, OH, 
N02, lower alkyl, lower alkoxy; R2 = H, lower alkyl; n = 0-3; A = aryl, 
heteroaryl; A and R2 may combine to complete piperidine or 

tetrahydroisoquinoline ring] . I is an efficient component for prevention 
and treatment of bone diseases caused by Vacuolar ATPase. Thus, 
2 ,3,4-tribenzyloxybenzoic acid was reacted with aniline in the presence of 
4-dimethylaminopyridine and l-ethyl-3- (3-dimethylaminopropyl) carbodiimide , 
followed by hydrogenation to give I [Rl - OH; R2 = H; n = 0; A - Ph] , 4 
.mu.M of which showed Vacuolar ATPase inhibiting activity of 97%. 
***180205-92-9P*** ***180206-22-8P*** 

RL: BAC (Biological activity or effector, except adverse) ; BSU (Biological 
study, unclassified); SPN (Synthetic preparation); THU (Therapeutic use); 
BIOL (Biological study) ; PREP (Preparation) ; USES (Uses) 

(synthesis of hydroxybenzamide derivs . as Vacuolar ATPase inhibitors) 
180205-92-9 CAPLUS 

Benzoic acid, 3- [ (2 , 3 , 4-trihydroxybenzoyl) amino] - , ethyl ester (9CI) (CA 
INDEX NAME) 
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Substance 

Beilstein Registry Number 
Beilstein Preferred RN 
CAS Registry Number 
Chemical Name 
Autoname 
Molecular Formula 
Molecuiar Weight 
Lawson Number 
Compound Type 
Constitution ID 
Tautomer ID 
Beilstein Reference 
Entry Date 
Update Date 



2763456 

109475-15-2 
109475-15-2 

Gallussaeure-(4-dimethylamino-anilid) 

A/^-dimethylamino-phenyO-S^.S-trihydroxy-benzamide 

C15H16N2O4 

288.30 

14508, 12296, 2817 

isocyclic 

2499242 

2666910 

5^13 

1989/07/11 
1992/06/02 



Field Availability List 1-4 of 4 



Code 


Field Name 


Occ. 


RX 
MP 
UV 
CNR 


Reaction 
Melting Point 
Ultraviolet Spectra 
Reference 


1 
1 
1 
1 



Reaction 

Reaction ID 
Product BRN 
No. of Reaction Details 
Reaction Classification 



7762672 

2763456 Gallussaeure-(4-dimethylamino-anilid) 
1 

Preparation (half reaction) 



Ref. 1 




4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. 
Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 



Copyright 1988-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. AN rights reserved. 



Melting Point 



VALUE (MP) 
C 


Solvent (.SOL) 


Note 


Ref. 


238 - 240 






1 



Ref. 1 4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. 

Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 

Ultraviolet Spectra 

Description Absorption maxima 



Ref. 1 4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. 

Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 



Reference 

4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. > 
Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 



Copyright 1 988-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. All rights reserved. 
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Substance 

Beilstein Registry Number 
Beilstein Preferred RN 
CAS Registry Number 
Chemical Name 
Autoname 
Molecular Formula 
Molecular Weight 
Lawson Number 
Compound Type 
Constitution ID 
Tautomer ID 
Beilstein Reference 
Entry Date 
Update Date 



2765383 

109595-04-2 
109595-04-2 

Gallussaeure-(4-diaethylamin6-anilid) 

A/^-diethylamino-phenyl^S^.S-trihydroxy-benzamide 

C17H20N2O4 

316.36 

14508, 12296, 2826 

isocyclic 

2511599 

2672907 

5-13 

1989/07/11 
1992/06/02 



Field Availability List 1-4 of 4 



Code 


Field Name 


Occ. 


RX 


Reaction 


1 


MP 


Melting Point 


1 


UV 


Ultraviolet Spectra 


1 


CNR 


Reference 


1 



Reaction 

Reaction ID 
Product BRN 
No. of Reaction Details 
Reaction Classification 



7763979 

2765383 Gallussaeure-(4-diaethylamino-anilid) 
1 

Preparation (half reaction) 



Ref. 1 



4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim 





o 






















Proctud 1 



r.onx/rinht iqftR-2001 Beilstein Institut zur Foerderung der Chemischen Wissenschaften. All rights reserved. 



Melting Point 



VALUE (MP) 
C 


Solvent (.SOL) 


Note 


Ref. 


218-221 






1 



Ref. 1 4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. 

Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 

Ultraviolet Spectra 

Description Absorption maxima 



Ref. 1 4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. 

Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 

Reference 

4728302 : Journal; Sljusarew; Gerschuns; UKZHAU; Ukr.Khim. ^ 
Zh.(Russ.Ed.); 26; 1960; 364,366; Chem.Abstr.; 4408; 1961. 
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